INTRODUCTION
Schiff bases are popular ligands in coordination chemistry due to their ease of synthesis and their ability to be readily modified both electronically and sterically. Mixed donor Schiff bases have been used extensively in catalysis. The design and synthesis of macrocyclic lanthanide complexes is currently attracting considerable attention since they can be used as supramolecular devices and sensors, 1,2 contrast agents in magnetic resonance imaging, [3] [4] [5] potential radiopharmaceuticals, 6 as possible bioinorganic models for the active sites in metallobiomolecules, 7, 8 as synthetic nucleases for in vivo application. 9 The chemistry of macrocyclic complexes has attracted the interest of both inorganic and bioinorganic chemists in recent years. 10 The field of macrocyclic chemistry of metals is developing very rapidly because of its importance in the area of coordination chemistry. 11 Macrocyclic compounds stry of macrocyclic compounds are very useful in fundamental studies (in phase transfer catalysis and biological studies). 13 Template condensation reactions lie at the heart of the macrocyclic chemistry. 14 Therefore template reactions have been widely used for synthesis of macrocyclic complexes. 15 The family of complexes with aza-macrocyclic ligands has remained a focus of scientific attention for many decades. 16 Schiff base polyazamacrocyclic complexes have under gone a phenomenal growth during the recent years because of the versatility offered by these complexes in the field of industries, catalysis and in biological systems [17] [18] [19] [20] [21] [22] etc. Several reports deal with the template synthesis of metal complexes of octaaza macrocyclics. 23 However studies on the complexes involving macrocyclic ligands synthesized from thiocarbohydrazide and benzilmonohydrazone/diacetylmonohydrazone in presence of ring closure reagents like CS2, especially with UO2(VI), Th(IV), ZrO(IV) and VO (IV) ions having unusual coordination behavior has not been studied as yet, which prompted us to carry out such type of investigation keeping in view of interesting stereo chemical possibilities, enhanced stabilities and their wide applications in the above mentioned fields. The present paper reports 14-membered octaaza-5:6:5:6-annulated macrocyclic complexes involving the template reaction of the corresponding oxo/dioxo metal cations mentioned above. This is our continuing investigation on the coordination chemistry of multidentate ligands containing NOS donors.
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EXPERIMENTAL Materials
All the chemicals used of AR grade. The solvents were purified before use by standard procedures.
Preparation of thiocarbohydrazide
Thiocarbohydrazide was synthesized according to literature method of Audrieth et al.
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Preparation of benzilmonohydrazone/ diacetylmonohydrazone The analytical monohydrazones were synthesized according to literature method. 28 As the Schiff base ligand isolation proved futile, all the metal complexes were synthesized (in an identical method) in situ by taking different amount of metal salts, thiocarbohydrazide and benzilmonohydrazone/ diacetylmonohydrazone.
Preparation of the complexes
An ethanolic solution of hydrated metal nitrates/vanadyl sulphate (1 mmol in 10 mL) was added to a hot ethanolic solution of the mixture of thiocarbohydrazide (1 mmol in 10 mL) and benzilmonohydrazone/ diacetylmonohydrazone (2 mmol in 20 mL). The resulting mixture was refluxed on a water bath for 3 -4 hours. To this carbon disulphide in excess (2 mmol) was added drop wise at room temperature. It was kept for half an hour, after which it was refluxed for another 2 hours. till the evolution of H2S ceases, during which a coloured complex was precipitated out in each case. It was filtered off, washed several times with ethanol followed by ether and finally dried over anhydrous CaCl2.
The reaction profile is given below:
However, attempt to prepare the complexes of same composition by the reaction of hydrated metal nitrates/ vanadyl sulphates (1 mmol in 10 mL) with mixture of thiocarbohydrazide (2 mmol in 20 mL) and benzyl/diacetyl (2 mmol in 20 mL) failed, indicating the formation of macrocyclic ligand is possible due to presence of metal cations/ oxo cations providing proper orientation for condensation due to coordination template effect governing the steric course of the reaction.
Analysis and Physical Measurements
The metal contents in the complexes were determined gravimetrically following standard procedures. 29 A weighed quantity of the compound (0.2 -0.3 g) was treated with a few drops of concentrated H2SO4 and 1 cc. of concentrated HNO 3 . It was heated till all the organic matter decomposed and sulphur trioxide fumes came out. The same process was repeated two to three times to decompose the substance completely. Then it was dissolved in water and the resulting solution was used for analysis of metal ions. Urani- H-NMR spectra of the complexes were recorded in DMSO-d6 medium on JEOL GSX-400 model equipment. The ESR spectra of the vanadyl complexes were recorded in solid state on Varian Associate spectrophotometer using 100 KHz, X-band (RT), scan rang 2.0 × 1 KG and field set 3200. Electrochemical studies of vanadyl complexes in DMSO at 300 o C were carried out using EG&G Princeton Applied Research Postentostat/Galvanostat Model 273A, controlled by M270 software, scan rate 100 mVs -1 .
RESULTS AND DISCUSSION
The complexes were formulated from the analytical data and molar conductance data support the suggested formulae ( Table 1 ). The complexes are highly coloured and insoluble in water and common organic solvents such as ethanol, methanol, acetone, CCl4, CHCl3, benzene and ether but moderately soluble in highly coordinating solvents such as DMF and DMSO. They are highly stable under normal conditions and all of them decompose above 250 o C. The molar conductance data values in DMSO for the complexes indicate them to be non-electrolyte in nature. However, the conductivity value is higher than as expected for non-electrolytes probably due to partial solvolysis of the complexes in DMSO medium.
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IR spectra
As the Schiff base ligands could not be isolated, the spectra of the complexes were compared with spectra of the starting materials and other related compounds. The bands observed in the spectra of metal complexes at ~1490, ~1310, ~1080, ~770 cm -1 are assigned to thioimide I, II, III, IV bands respectively of TCH skeleton. 32 These bands have able to v(M-N). 36 In the lower frequency region of the spectra provides a wealth of information on the mode of co-ordination of the ligand with the metal. The uranyl complexes exhibit a strong band at ~920 cm -1 and the medium intensity band at ~822 cm -1 assignable to v as (O=U=O) and v s (O=U=O) mode respectively. This observation indicates that the linearity of the O=U=O group is maintained in the complexes. 37 The band at 1015 cm -1 is assigned to the ν2 mode of the NO3 group. The bands at 1470 and 1370 cm -1 are the two split bands ν4 and ν1, respectively, of the coordinated nitrate ion. The magnitude of ∆ν = (ν 4 -ν 1 ) = 100 cm -1 shows the unidentate coordination of the nitrate ion. 38 The zirconyl complexes exhibit one strong band in the region ~880 cm -1 which can be attributed to the ν(Zr=O) as reported earlier 37 indicating the presence of (Zr=O) 2+ moiety in the complexes. In the oxovanadium polychelates a strong bands at ~950 cm -1 are assigned to ν(V=O) mode. 39 However in vanadyl complexes, an additional series of four bands appeared at ~1165, ~1110, ~865, ~655 cm -1 indicating the coordination of sulphate group in unidentate manner through oxygen atom; 40 Besides the bands observed at ~3420 cm 
Thermal analysis
All these complexes follow the same pattern of thermal decomposition. Weight loss was encountered at ~50 o C to ~115 o C with a broad endothermic peak at the same temperature corresponding to two and three molecules of water of crystallization. 41 The complexes remain almost unaffected upto ~50 o C. After this a slight depression upto ~115 o C is observed. The weight loss at this temperature range is equivalent to two for the complexes (3), (4), (7) and (8) and three for the complexes (1), (2), (5) and (6) water molecules in the complexes indicating them to be lattice water in conformity with our earlier observations from analytical and IR spectral investigations. Once the lattice water was eliminated, the anhydrous complexes remain stable upto ~350 o C and thereafter the complexes show rapid degradation presumably due to decomposition of organic constituents of the complex molecules as indicated by the steep fall in the percentage weight loss. The decomposition continues upto ~750 o C and reaches to a stable product in each complex as indicated by the consistency in weight in the plateau of the thermogram. This corresponds to the composition of their stable oxides. The decomposition temperature varies for different complexes as shown in Table 2 . The representative thermogram of [VO(L')(SO4)].2H2O complex is shown in Fig. 1 .
The thermal stability of the complexes decreases in the order:
(L) complexes: Th(IV) > ZrO(IV) > UO2(VI) > VO(IV) (L') complexes: Th(IV) > UO 2 (VI) > ZrO(IV) > VO(IV)
Electronic spectra and magnetic moment
The electronic spectra of the UO2(VI) complexes are quite similar. The complexes display mainly one weak band at Πu transitions and charge transfer transitions respectively. 42 The first one of the transition is typical of the O=U=O symmetric stretching frequency of the first excited state. 43 It may be noted that the band occurring at 370 nm is due to uranyl moiety because of apical oxygen →f 0 (U) transition 44 is being merged with the ligand band due to n→π* transition as evident from broadness and intensity. The electronic spectra of ZrO(IV) complexes exhibit only one extra highly intensive band in the region 350 -380 nm which may be due to charge transfer band besides the ligand bands. However, the electronic spectra could not provide structural details of these complexes. The electronic spectra of VO(IV) complexes show three bands at ~12340, ~18450 and ~25875 cm -1 corresponds to transi- (5), (6) and (7) show a sharp signal at δ 2.31 -2.40 ppm corresponding to imine methyl (CH3-C=N; 12H) protons. 47, 48 Besides, the signals due to (-NH-N=; 4H) protons appear at δ 6.12 -6.22 ppm for all the complexes. The representative spectrum of [UO2(L)( NO3)2]. 3H2O complex is shown in Fig. 2 .
ESR spectra
The X-band ESR spectra of oxovanadium(IV) complexes are not so resolved at room temperature to exhibit all the eight hyperfine lines as expected for 51 V (I=7/2). The ESR spectra of the vanadyl complexes exhibited anisotropic signals in parallel and perpendicular 51 V region. The magnetic and bonding parameters deduced from the spectra are shown in Table 3 . This suggests that the unpaired electron to be in dxy orbital localized on the metal, thus excluding any possibility of its direct interactions with the incoming ligands and the complexes have less covalent character in bonding involving the metal ion and ligand. 49, 50 The covalency parameter α 2 as calculated from g ║ , g ┴ and A ║ values was found to be ~0.50. The observed data show that g║ and g┴ values are closer to 2 and g║ > g┴. This suggests major distortion in the complexes from Oh symmetry. The representative spectrum of [VO(L)(SO4)].2H2O complex is shown in Fig. 3 .
Electrochemical study
The cyclic voltammogram for the vanadyl complexes was recorded in DMSO solution. The nature of cyclic voltammogram is similar for both the complexes. Hence the representative VO(IV) (4) is discussed here. A cyclic voltammogram of VO(IV) (4) (Fig. 4 ) displays one reduction peak at Epc = 0.53 V with a corresponding oxidation peak at Epa = 0.62 V. The peak separation(∆Ep) is 0.09 V at 100 mVs -1 . The most significant feature of the VO(IV) complex is it shows two well defined one-electron transfer redox peaks, corresponding to the formation of the VO(IV)/ VO(V) and VO(IV)/VO(III) couples. 51, 52 The peak current function of both waves in complexes are different which indicate the involvement of two different electroactive species in solution, 53, 54 corresponding to VO(V) and VO(III).
The representative Cyclic voltammogram of [VO(L)(SO4)].
2H2O complex is shown in Fig. 4 . Based on the foregoing observations the following tentative structures have been proposed for the present complexes (Figs. 5 and 6 ).
